Background-The optimal stenting strategy in coronary artery bifurcation lesions is unknown. In the present study, a strategy of stenting both the main vessel and the side branch (MVϩSB) was compared with a strategy of stenting the main vessel only, with optional stenting of the side branch (MV), with sirolimus-eluting stents. Methods and Results-A total of 413 patients with a bifurcation lesion were randomized. The primary end point was a major adverse cardiac event: cardiac death, myocardial infarction, target-vessel revascularization, or stent thrombosis after 6 months. At 6 months, there were no significant differences in rates of major adverse cardiac events between the groups (MVϩSB 3.4%, MV 2.9%; PϭNS). In the MVϩSB group, there were significantly longer procedure and fluoroscopy times, higher contrast volumes, and higher rates of procedure-related increases in biomarkers of myocardial injury. A total of 307 patients had a quantitative coronary assessment at the index procedure and after 8 months. The combined angiographic end point of diameter stenosis Ͼ50% of main vessel and occlusion of the side branch after 8 months was found in 5.3% in the MV group and 5.1% in the MVϩSB group (PϭNS). Conclusions-Independent of stenting strategy, excellent clinical and angiographic results were obtained with percutaneous treatment of de novo coronary artery bifurcation lesions with sirolimus-eluting stents. The simple stenting strategy used in the MV group was associated with reduced procedure and fluoroscopy times and lower rates of procedure-related biomarker elevation. Therefore, this strategy can be recommended as the routine bifurcation stenting technique.
with a high rate of restenosis. 3 The restenosis problem appeared especially pronounced when multiple stents were used. 4 The use of sirolimus-eluting stents (SES) has been reported to reduce restenosis in simple and more complicated coronary lesions. [5] [6] [7] [8] [9] [10] [11] [12] Therefore, the use of SES in both the main vessel and the side branch might further reduce the risk of vessel restenosis. 3 Two previous randomized studies addressed the issue of bifurcation treatment with SES. 5, 10 Together with data from the Stenting Coronary Arteries in Non-stress/benestent Disease (SCANDSTENT) 6 trial, these studies suggested that the use of SES reduced problems with restenosis in bifurcation lesions and that the technically correct use of these stents resulted in low restenosis rates, both for the main vessel and for the side branch. 5, 10 The present randomized study compared the clinical and angiographic outcome of a simple bifurcation treatment strategy (stenting the main vessel and optional stenting of the side branch; MV) with a complex strategy (stenting of both the main vessel and the side branch; MVϩSB).
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Methods
Patients and Study Design
This nonblinded, randomized, multicenter trial was conducted at 28 cardiology centers in Denmark, Sweden, Finland, Norway, and Latvia. From September 2004 to May 2005, a total of 413 patients were enrolled. A flow diagram of the study is shown in Figure 1 . The protocol was approved by ethics committees in all participating countries, and all participating patients gave written informed consent.
Men and women, aged 18 years or older, with stable or unstable angina pectoris or silent ischemia and a de novo coronary bifurcation lesion were considered eligible for enrollment. A bifurcation lesion was defined according to Lefevre et al 13 and could be located in the anterior descending artery and a diagonal, the circumflex artery and an obtuse marginal, the right coronary artery and posterior descending artery/posterolateral artery, or the left main stem/circumflex artery/left anterior descending artery in a right-dominant system. The diameter of the main vessel and of the side branch should be Ն2.5 mm and Ն2.0 mm, respectively, by visual estimate. Exclusion criteria were ST-segment elevation acute myocardial infarction within 24 hours, life expectancy Ͻ1 year, S-creatinine Ն200 mol/L, allergy to any of the drugs used (aspirin, clopidogrel, ticlopidine, sirolimus, and paclitaxel), or left main bifurcation in a left dominant system.
Randomization
Randomization was performed in blocks for each participating hospital, 1:1 by computerized assignment with stratification according to sex, diabetes, age Ͼ70 years, use of glycoprotein receptor antagonists, and consent to angiographic follow-up. An automatic telephone randomization/voice response system was used. Patients were randomized before any balloon dilatation was performed.
Stent Implantation
Patients were pretreated with aspirin (75 mg) and clopidogrel (300 mg). Heparin was administered according to local hospital routine, and activated clotting time control was not mandatory. Glycoprotein receptor antagonists were used at the discretion of the operator. Aspirin was continued indefinitely, and clopidogrel was continued for 6 to 12 months according to local practice. Ticlopidine could be used if the patient did not tolerate clopidogrel.
The operator was requested to avoid pretreatment (conventional balloon or cutting balloon) of segments not covered by stent, ie, the main vessel segment in the MV group and the main vessel plus the side branch segments in the MVϩSB group. The radial or femoral approach and 6F guiding catheters were used routinely. Either a 7F or 8F catheter was used in "crush technique" procedures. 14 The SES "Cypher Select" (Cordis/Johnson & Johnson, Miami Lakes, Fla) was used in the study.
The study lesion was predilated and/or postdilated at the discretion of the operator. In the MV group, the main treatment principles were (1) stenting of main vessel; (2) side branch dilation if there was Thrombolysis In Myocardial Infarction (TIMI) flow Ͻ3 in the side branch; and (3) side branch stenting if TIMI flowϭ0 in the side branch after dilation. In the MVϩSB group, the main treatment principles were stenting of both the main vessel and the side branch by application of the crush technique, 14 culotte technique, 15 or other techniques at the discretion of the operator. In all cases of side branch stenting, the operator was required to attempt a "kissing balloon" dilation at the end of the procedure. Implantation of additional stents to cover the whole lesion or to cover a dissection was allowed. If the study stent could not be delivered, another drug-eluting stent or a bare-metal stent was allowed. Different types of drug-eluting stents in the same vessel were not allowed. Both operator and patient were aware of the assigned treatment.
Cardiac Biomarkers and ECG
Creatine kinase (CK)-MB mass, troponin-T, or troponin-I was measured at the time of the procedure and after 12 to 18 hours. CK-MB mass was used as the primary marker and troponin-T or troponin I only if CK-MB mass was not available. To avoid confounding non-procedure-related marker elevation, patients with unstable angina pectoris were included in the biomarker analysis only if preprocedure and postprocedure markers were normal. Marker elevation of Ն3 times the upper limit of normal was considered significant. A 12-lead ECG was obtained before and 12 to 18 hours after the procedure.
Follow-Up
For safety reasons, total deaths and major adverse cardiac events (MACE) were recorded by telephone call after 1 month. There was a clinical follow-up visit after 6 months for primary end-point registration. An 8-month control coronary angiography was scheduled at randomization in patients who consented herein. No patients were lost to follow-up.
Quantitative Coronary Angiography at 8 Months
Coronary angiograms obtained at baseline, at completion of the stenting procedure, and at 240 days of follow-up were submitted to 1 of 2 angiographic core laboratories (Skejby Hospital, Aarhus, Denmark, or Paul Stradins Clinical Hospital, Riga, Latvia) and were analyzed with the use of a computer-based system dedicated to bifurcation analysis (Qangio XA version 7.0, Medis, Leiden, Neth- erlands). A standard operating procedure was developed in collaboration with Medis; the experienced operators were trained by staff from Medis; and the operators from the 2 centers worked out the standard operating procedure before starting the analyses.
Quantitative angiographic measurements of the bifurcation lesion were obtained in 3 segments: the proximal main vessel segment, the distal main vessel segment, and the side branch. In the main vessel segments, measurements were obtained in the stent and in the margins 5 mm proximal and distal to the main vessel stent (edge). In the side branch, the stented or balloon-treated segments and the 5 mm distal to those (edge) were assessed. If the side branch was not treated with stent or balloon, the first 5 mm of the side branch was defined as both the lesion and edge area. The analyses were not blinded.
Study End Points
The primary end point of the study was the clinical combined end point (MACE) of cardiac death, myocardial infarction, and stent thrombosis or target-vessel revascularization by PCI or coronary artery bypass surgery after 6 months. Secondary end points were (1) the individual end points of death from any cause, cardiac death, myocardial infarction, target-lesion revascularization, and targetvessel revascularization; (2) procedure-related biomarker increase (Ն3 times the upper limit of normal of CK-MB mass, troponin-T, or troponin-I); and (3) the combined angiographic end point of significant restenosis (Ͼ50% diameter stenosis) of the main vessel and/or occlusion of the side branch. The clinical study end points were adjudicated blindly by an independent end-points committee.
Definitions
Non-Q-wave myocardial infarction was defined as a CK-MB mass or troponin-T/troponin-I increase to Ն3 times the upper limit of normal combined with clinical signs of myocardial infarction, in the absence of pathological Q waves and not related to an interventional procedure. Q-wave myocardial infarction was defined as development of new pathological Q waves in 2 or more contiguous leads together with clinical signs of myocardial infarction (chest pain or increase in myocardial injury markers). Target lesion revascularization was repeat revascularization by PCI or surgery of the target lesion. Target-vessel revascularization was defined as repeat revascularization by PCI or surgery of the target vessel. Stent thrombosis was angiographically documented contrast filling defect of the target lesion in the presence of an acute coronary syndrome. Acute, subacute, or late thrombosis was defined as occurring within 24 hours, within 1 month, or during the succeeding 5 months after stent implantation, respectively. Percent diameter stenosis was calculated as (reference diameterϪminimal luminal diameter)/reference diam-eterϫ100. Significant stenosis was defined as Ͼ50% diameter stenosis. Late lumen loss was defined as postprocedure minimal luminal diameter minus minimal luminal diameter (in mm) at 8-month follow-up.
Statistical Analysis
Power calculations were based on an expected primary end-point event rate of 30% in the MVϩSB group (␣ϭ5%, powerϭ80%, with a 2-sided 2 test). To detect a reduction in the primary end-point rate to 15%, 134 patients would be needed in each group. Because of considerable uncertainty in expected end-point rates in bifurcation lesions treated with drug-eluting stents, it was decided to include 200 patients in each group. 5 Differences in categorical variables between the 2 groups were analyzed with the 2 test or Fisher exact test. Continuous variables were analyzed with Mann-Whitney test and time-to-event data with the Kaplan-Meier method and the log-rank test. All probability values were 2-sided. The level of significance was 5%. The analysis was performed on an intention-to-treat basis. All analyses were performed with SPSS 13.0 (SPSS Inc, Chicago, Ill).
The authors had full access to the data and take full responsibility for their integrity. All authors have read and agree to the manuscript as written.
Results
Baseline Characteristics and Procedural Data
The 2 groups were well balanced with regard to baseline clinical characteristics and risk factors (Table 1 ). In two thirds of the cases, the indication for treatment was stable angina pectoris, and in one third, it was unstable angina pectoris; in 2% of the cases, the indication was silent ischemia. The use of aspirin, clopidogrel, and glycoprotein IIb/IIIa inhibitors was similar in the 2 groups (Table 1) . Procedural data are shown in Table 2 . The index-lesion location was the left anterior descending artery in 73%, the circumflex artery in 18%, the right coronary artery in 7%, and the left main stem in 2%, with no difference between the groups. There was also no significant difference between the 2 groups with respect to type of bifurcation, 13 vessel size, or severity of stenosis as assessed by the operator. Angulation of side branch Ͻ70°was seen in 64.4%, calcification in 26.9%, and proximal tortuosity in 5.8% of the lesions, with no difference between the groups. There was a significantly longer procedure time and fluoroscopy time and a larger volume of contrast used in the MVϩSB group. The number of stents implanted in the index lesion was 2.2Ϯ0.6 in the MVϩSB group and 1.3Ϯ0.6 in the MV group. The side branch was stented in 4.3% of the MV group and 95.1% of the SBϩMV group. In the MV group, the side branch was dilated through the main vessel stent in 32% of the procedures. In the MVϩSB group, the bifurcation technique used was the crush technique in 50%, the culotte technique in 21%, and other techniques (primarily the T-stent technique) in 29%. A final kissing balloon dilation was performed in the majority of cases in the MVϩSB group. Cypher Select was the study stent, and few other stents were used (6 Taxus Express stents [Boston Scientific, Natick, Values are n (%), except for age.
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Mass] and 1 bare-metal stent in the MV group; 11 Taxus Express stents and 2 bare-metal stents in the MVϩSB group).
Clinical Outcome
The cumulative event rate for the primary end point of MACE (cardiac death, myocardial infarction, target-vessel revascularization, or stent thrombosis) after 6 months of follow-up is shown in Figure 2 . There was no significant difference in the MACE rate between the 2 groups (2.9% in the MV group and 3.4% in the MVϩSB group). The individual end points after 6 months are shown in Table 3 . The rates of individual end points were low in both groups, with no significant difference between groups. The Canadian Cardiovascular Society angina class was similar in the 2 groups before treatment and after 6 months. Canadian Cardiovascular Society class 2 to 4 was registered in 93.0% of the patients in the MV group and 96.5% in the MVϩSB group before treatment and decreased to 9.2% and 8.6% after 6 months in the 2 groups, respectively.
Procedure-Related Elevation of Biomarkers
Procedure-related biomarker release could be evaluated in 279 patients (126 patients in the MVϩSB group and 153 in the MV group). Marker elevation of Ͼ3 times the upper limit of normal was seen in 18% of MVϩSB-stented patients and in 8% of MV-stented patients (Pϭ0.011).
Quantitative Coronary Angiography Analysis
At randomization, 358 patients were scheduled for 8-month follow-up angiography. Complete angiographic evaluation was available in 307 patients (86%); of these, 151 patients were randomized to the MV group and 156 to the MVϩSB group. The major reason for not having the 8-month angiographic follow-up was the long distances to the interventional centers in the northern part of Scandinavia. The combined angiographic end point of diameter stenosis Ͼ50% of main vessel and occlusion of the side branch after 8 months was found in 8 patients (5.3%) in the MV group and 8 patients (5.1%) in the MVϩSB group (Pϭ0.96; Table 4 ). The vessel diameters of the main vessel segments tended to be larger in the MVϩSB group before and after treatment, but these differences were lost at follow-up. Reflecting study design, there were significant differences between the 2 treatment strategies in the side branch, with smaller minimal luminal diameters and increased diameter stenoses after the index procedure and at follow-up in the MV group. The late lumen loss was generally small in all 3 analyzed segments but was significantly larger in the side branch of the MVϩSB group. Edge minimal luminal diameters after intervention and at follow-up were similar in the main vessel segments but smaller in the side branch in the MV group, the latter again reflecting study design and definition of this parameter. The rates of stenosis (diameter stenosis Ͼ50%) in the different segments of the bifurcation lesion are given in Table  5 . In the entire lesion (main vessel and side branch), the rate of stenosis was 22.5% in the MV and in 16.0% in the MVϩSB group (Pϭ0.15). The rate of stenosis was 4.6% and 5.1% in the main vessel (Pϭ0.84) and 19.2% and 11.5% in the side branch (Pϭ0.062) in the MV and MVϩSB groups, respectively. Only 1 patient (MV group) had a side branch occlusion at follow-up. 
Discussion
In the present randomized clinical interventional trial, we found no significant difference in cardiac death, myocardial infarction, stent thrombosis, target-vessel revascularization, or combinations thereof after 6 months between a simple and a complex coronary bifurcation stenting strategy with SES. However, the complex stenting procedures were associated with increased procedure and fluoroscopy times, more use of contrast, and a significantly higher incidence of procedurerelated biomarker release. Independent of treatment strategy, the event rates were much lower than anticipated. Furthermore, quantitative coronary angiography follow-up after 8 months, deliberately separated from the clinical end point to avoid the influence of stenosis visualization on target-lesion revascularization, showed no significant difference in restenosis of the main vessel and side branch in the 2 treatment groups. Bifurcation lesions represent one of the remaining challenges in interventional cardiology, and it is an unsolved problem whether the optimal treatment strategy should be routine or provisional stenting of the side branch, the latter being the simplest and most frequently used strategy. 5, 10, 16 
Comparison With Other Studies
There are no randomized trials from the bare-metal stent era assessing different stent strategies in bifurcation lesions. In the drug-eluting stent era, 2 randomized studies have addressed the same issue. 5, 10 The Sirius bifurcation study 5 had a design very similar to that of the present study; however, in the Sirius study, the crossover rate was high, and the results were not analyzed according to the intention-to-treat principle. 5 A 3.5% risk of stent thrombosis in patients who had been stented in both branches raised concern about this strategy. 5 In the study by Pan et al, 10 patients were randomized to a simple versus a complex strategy of bifurcation treatment with a rapamycin-eluting stent. 10 In that study, the main branch was stented and the side branch dilated with a balloon. According to randomization, the side branch was subsequently stented or not stented. MACE rates were low in both groups, and the overall conclusion from that study was that both strategies were effective in reducing restenosis rate, with no differences in terms of clinical outcome. The present study differed from the above-mentioned studies in several aspects. The present study was considerably larger; in the majority of patients randomized to MVϩSB, a *In-stent segments included the stented areas of the main vessel and the stent/balloon-treated areas of the side branch; if the side branch was not treated, the parameters included the first 5 mm of the side branch.
Significant stenosis was defined as Ͼ50% diameter stenosis. Some of the patients had stenosis in more than 1 location.
dedicated SES bifurcation technique (crush or culotte) was used; and the angiographic end point was separated from the clinical result of bifurcation treatment. Therefore, the clinical end points were not influenced by a prescheduled angiographic follow-up. Also, we succeeded in maintaining a low crossover rate owing to the use of strict criteria for side branch stenting in the MV group. Accordingly, the present results allow an evaluation of clinical benefits and drawbacks associated with the 2 investigated bifurcation strategies.
Complexity of Procedure
A strategy of stenting both branches of a bifurcation lesion represents a complex procedure. In the present study, this was documented by a 23%, 40%, and 21% increase in procedure time, fluoroscopy time, and contrast volume, respectively. Furthermore, the rate of procedure-related increase in biomarkers of myocardial injury was significantly higher in the MVϩSB group, thus establishing an association between the complexity of an interventional procedure and the risk of myocardial injury. However, the clinical and prognostic significance of biomarker elevation after PCI is questioned. [17] [18] [19] [20] In the present study, the increased incidence of procedure-related increases in biomarkers was not associated with adverse clinical events after 6 months. It is of interest that our restrictive protocol, which only allowed side branch stenting in case of side branch occlusion in the MV group, did not result in an increased incidence of procedurerelated biomarker elevation in this group.
Clinical Outcomes
Except for the increased incidence of procedure-related biomarker elevation in the MVϩSB group, other adverse events were few and at a similar level in both groups.
Mortality was low and comparable to that reported in 2 previously published studies. 5, 10 In addition, the incidence of clinical myocardial infarction in the follow-up period was low and did not differ between the groups. In complex bifurcation stenting, the increased risk of stent thrombosis has been a concern. 5 In the present study, there was no stent thrombosis at 6 months in the MVϩSB group. In this group, a final kissing balloon dilation was recommended and performed in 74% of cases. The high rate of final kissing balloon dilation might be responsible for the low rate of stent thrombosis in the present study; however, the 2 cases of sudden cardiac death may represent stent thromboses.
Patients included in the present study were severely symptomatic before treatment. After 6 months, symptomatic relief was substantial and similar in both groups. Furthermore, the need for target-lesion revascularization was low and similar to the results from the study by Pan et al. 10
Quantitative Coronary Angiography Analysis
The 8-month quantitative angiography analysis of the 2 stenting strategies contributed new information. The use of SES in bifurcation lesions was associated with a low risk of restenosis in the main vessel, and we found no differences between a simple and a complex bifurcation stenting strategy with regard to the primary angiographic end point of restenosis in the main vessel or occlusion of the side branch. A complex bifurcation stenting strategy with double or triple layers of stent struts in the proximal main vessel segment has been a concern but was not found to be associated with a higher risk of restenosis. In fact, in the MVϩSB group, only 1 patient developed in-stent restenosis in the proximal main vessel segment, whereas 7 patients had in-stent restenosis in the distal segment. On the other hand, 7 of 9 edge stenoses in the main vessel were observed in the proximal segment. This might be associated with the fact that the kissing balloon technique was used to finalize a majority of the procedures. In the side branch of the MV group, the minimal luminal diameters were smaller and the stenosis severity greater, and there was an insignificant trend toward a higher number of Ͼ50% diameter stenoses at follow-up. However, patients in the MV group did not experience an increased risk of side branch occlusion, and they did not have more severe angina pectoris at 6-month follow-up. This indicates that a conservative strategy with regard to treatment of side branch stenoses can be advocated if normal blood flow can be maintained in the side branch.
Clinical Implications
According to the present results and those of others, 5,6,10 percutaneous intervention with the use of SES is the treatment of choice in bifurcation lesions. The use of SES in these lesions has reduced complication rates and clinical and angiographic restenosis rates to the same level as in less complex coronary artery lesion subsets. 3, 4 Several authors have advocated the simple strategy in percutaneous bifurcation treatment with stenting of the main branch and provisional side branch stenting. 5, 10, 16, 21 The present results support this view, because there are no data in the present trial that favor the complex strategy. Instead, our finding of increased procedure and radiation times and the increased incidence of procedure-related biomarker elevation favor the use of the simpler technique. With fewer stents, less contrast, and shorter procedure time, the health economic aspect also favors this technique. On the other hand, given the complexity of bifurcation lesions, the present study does not contradict the use of a complex bifurcation stenting strategy in special situations, ie, bifurcation lesions with a very large side branch. A larger study than the present one might have shown significantly less side branch (re)stenosis in side branch-stented patients.
Study Limitations
The present study had an open design, and operators and patients were aware of the technique used. This might introduce bias in the interpretation of symptoms at follow-up. Ischemia testing was not performed, and there were no objective data to compare relief of ischemia with the 2 strategies. MACE, however, was adjudicated by a blinded events committee and should not have been influenced by the open design of the study. The study was considerably underpowered given the low MACE rate found. A properly powered study would include close to 20 000 patients. An inclusion of this order of magnitude would not be feasible in the complex lesion subset of the present study. Patients studied had a variety of lesion types and lesion locations; therefore, the overall recommendation from the study may not be valid for specific subsets of lesions. Furthermore, although MACE rates and significant angiographic stenosis were low after 6-month clinical and 8-month angiographic follow-up, the durability of these results on a long-term basis is not known.
Conclusions
In conclusion, excellent 6-month clinical and 8-month angiographic results can be obtained with percutaneous treatment of de novo coronary artery bifurcation lesions with SES. Independent of stenting strategy, the procedural success rates were high, the MACE rate low, and the angiographic restenosis rate low in both treatment groups. The simple stenting strategy with stenting of the main vessel and optional stenting of side branch was associated with reduced procedure and fluoroscopy times and significantly reduced risk of procedure-related biomarker elevation and can be recommended as the routine bifurcation stenting technique.
